infant, and expanded enrollments are now tracked in the PBB registry by the MDCH. All female members of the cohort who were active participants in the registry and who were at least 18 years of age by 1 August 1997 were invited to participate in a telephone survey of female health outcomes. Of the 1,530 women determined to be eligible by the MDCH, 88 (5.2%) could not be located, nine (0.6%) were deceased, and eight (0.5%) were too ill to participate. Of the remaining 1,425 women, 1,185 (83%) agreed to participate in the current study. We excluded an additional 10 women who were born after 1 January 1973 because we were not interested in in utero exposures for this particular outcome. The study was approved by the institutional review boards at the Centers for Disease Control and Prevention, Emory University, and the Michigan Department of Community Health. All subjects gave informed consent at study entry.
Data collection. Using the PBB registry database, MDCH staff sent a letter to all eligible female members of the cohort describing the proposed investigation and notifying them that interviewers would be calling them for a telephone interview. The telephone interview was conducted by trained interviewers using a structured questionnaire lasting approximately 30 min. The portion of the questionnaire addressing breast-feeding asked whether women breast-fed for each of their pregnancies, whether they supplemented breast milk with formula and why, how many months until they stopped breast-feeding completely, and what factors led them to stop breast-feeding completely. Additionally, women were asked about their level of education and household income at the time of interview, whether they had smoked cigarettes in the year before their pregnancy, whether they had consumed alcohol during the first trimester of their pregnancy, the sex of the infant, and the gestational age of the infant at birth. Maternal age at the time of pregnancy was calculated by subtracting the mother's date of birth from the infant's date of birth. We also looked for a possible cohort effect on rates of breast-feeding and duration of breast-feeding by dividing the cohort into 5-year intervals by year of birth of the index pregnancy (1973-1978, 1978-1983, 1983-1988, 1988-1993, 1993-1998) .
Exposure assessments. PBBs and PCBs were measured in serum samples obtained from women at enrollment in the cohort and at times during follow-up using gas chromatography with electron-capture detection (15, 16) . Quantitation of PBB was based on the main congener, 2,2´,4,4´,5,5´hexa-bromobiphenyl. PCB was measured as Aroclor 1254. The methods of PBB detection used have coefficients of variation of 7.1-14.0% and recovery ranges of 80-90% (16) . The methods of PCB detection used have coefficients of variation slightly higher than that of PBB, ranging from 12 to 30%, and an average recovery of 82% (17) .
Measures. The three outcomes of interest were a) the decision to breast-feed (yes/no); b) the duration, in months, of breast-feeding as the main source of infant nutrition among women who breast-fed; and c) the total duration, in months, of breast-feeding among women who breast-fed. Because breast-feeding behavior (including the decision to breastfeed and the duration of breast-feeding) during one pregnancy was likely to influence breast-feeding behavior for subsequent pregnancies, we chose to study only one pregnancy per woman to avoid problems with non-independence. For each woman, the first singleton live birth after the initial PBB serum measurement was the pregnancy used in the analysis. We estimated serum PBB levels at delivery of the infant using a decay rate model previously described (18) . Exposure was evaluated both for initial serum PBB levels and for estimated PBB levels at birth. We treated exposure as a categorical variable, dividing women into three groups: a) the reference or low exposure group, consisting of women whose PBB levels were at or below the detection limit (1 ppb; n = 260); b) the moderate exposure group, made up of women whose levels were above the detection limit and below the 90th percentile of women in our study cohort (n = 141); and c) the high exposure group, composed of women whose levels were above the 90th percentile (n = 45). For initial levels, the 90th percentile corresponded to 13 ppb and, for estimated levels at delivery, 7 ppb. Additionally, we evaluated exposure to PCBs. PCB measurements were performed on the majority of the cohort (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) to determine whether PCBs, a widespread environmental contaminant, might be as important as PBB exposure for the cohort's long-term health status (19) . Women in the current study had a maximum of six PCB measurements taken between 1976 and 1988, with a correlation of 0.61 between values. Because PCB exposure is continual, due to consumption of fish and other dietary sources (20) , initial serum PCB level was used as the estimated serum PCB level at delivery regardless of the time since the index breast-feeding event. For serum PCB, we divided the cohort into four groups, consisting of each tertile of serum PCB exposure and a fourth category for women who did not have serum PCB levels performed. The lowest tertile consisted of women whose PCB levels were ≤ 5 ppb (n = 244), the middle tertile included women whose levels were between 5 and 7 ppb (n = 49), the upper tertile contained women whose levels were > 7 (n = 114), and 39 women did not have serum PCB levels drawn.
Statistical analysis. All analyses were conducted using SAS software (version 6.12; SAS Institute, Cary, NC). For the decision to breast-feed, associations between outcome, exposure to PBB, and other potential covariates were tested with chi-square analyses. A stratified analysis was conducted using the Breslow-Day test for homogeneity to assess possible interaction. A possible association between serum PBB measurement and the decision to breast-feed was evaluated using a logistic regression model. Initially, a full model containing all of the covariates found to be significant predictors of the decision to breast-feed or that could be potential confounders were entered into the model and assessed for collinearity using condition indices and variance decomposition proportions. Using a backward stepwise elimination strategy, we removed variables from the model if they were not associated with the outcome (p > 0.05) and if their removal did not alter parameter estimates for PBB exposure by more than 10%. We used the Hosmer and Lemeshow goodness of fit test to assess how effectively the model described the outcome.
For the remaining two outcomes (duration of breast-feeding as the main source of nutrition and total duration of breast-feeding), we initially examined associations between each outcome and exposure to PBB and other potential covariates using the PHREG procedure of SAS to calculate crude hazard ratios. A separate Cox proportional hazard model was then used to evaluate the relation between PBB exposure levels and each of the duration outcomes. Initially, we assessed a full model containing potentially confounding covariates for collinearity, then took a backward elimination approach. We retained variables in the model if the association with the outcome had α < 0.05 and if their removal altered parameter estimates for PBB exposure by more than 10%.
Finally, we examined the relation between duration of breast-feeding (for both duration of breast-feeding as the main source of nutrition and total duration of breastfeeding) and estimated serum PBB level after excluding women who reported extrinsic reasons for supplementing breast-feeding and for stopping completely. Women were classified as having an extrinsic reason for deciding to supplement if they agreed with one of the following responses: it became uncomfortable to only breast-feed; you were medically advised to supplement; you felt it was the right time to give formula or cow's milk along with breast milk; it became inconvenient to only breast-feed; or other reason. Similarly, women who responded, "there was not enough breast milk," to the question of why they stopped breast-feeding entirely were classified as having an intrinsic reason for ceasing to breast-feed and were retained in the analysis. For this subset of women, we calculated crude hazard ratios for the association between each outcome and PBB exposure. After excluding women with extrinsic reasons, we identified 49 women with an intrinsic reason for deciding to supplement breast milk and 56 women who gave an intrinsic reason for deciding to stop breast-feeding altogether. The small numbers of women in these subsets precluded construction of a multivariate model.
Results
Initial serum PBB levels were available for 1,020 (86.1%) of the 1,185 women who participated in the study. We did not find any differences in age at delivery, PBB level, or PCB level among responders compared to nonresponders. Among the 1,020 participants, 446 (43.7%) had a live-born infant after their initial serum PBB level. Characteristics of the cohort are shown in Tables 1 and 2. Table 1 depicts continuous variables, and Table 2 shows categorical variables. The mean initial serum PBB level was 17.5 ppb (range 0.5-1,490), compared with a mean of 9.4 ppb using the estimated serum PBB level at the time of pregnancy (range 0-1,130). Results for the bivariate analyses and multivariate models were not different when using the initial levels and the estimated serum levels; only the analyses using the estimated serum levels at the time of the index pregnancy are presented here. Breast milk was the main source of nutrition for a mean of 2.6 months for this cohort of infants, and the mean total duration of breast-feeding was 4.1 months. Two-hundred ninety-three women (65.7%) breast-fed their first infant after the initial serum PBB level; only 49 women (11.0%) had previously breast-fed. Table 3 shows the crude associations between each breast-feeding outcome and the potential risk factors (for the decision to breast-feed, odd ratios are shown; for the other two outcomes, hazard ratios are given). Women who reportedly smoked during the year before the index pregnancy were more likely not to breast-feed, and women with more than a high school education were more likely to choose to breast-feed. Women whose index pregnancy occurred in the first 5 years of the study were less likely to breast-feed compared to the reference group of women who gave birth in the last 5 years of the study. We did not find an association between duration of breast-feeding as a main source of nutrition and any of the other covariates, nor did any of the potential risk factors influence total duration of breast-feeding. Tables 4 and 5 show the crude measures of association for each of the three outcomes with estimated serum PBB exposure. For each outcome (whether a woman chose to breast-feed, the number of months that breast milk was the main source of nutrition, and the total duration of breast-feeding), the risk associated with serum PBB exposure is shown for different levels of exposure compared with the reference group of women whose serum PBB levels were at or below the limits of detection in the cohort of 446 women. None of the outcomes was significantly associated with PBB exposure. Additionally, none of the outcomes was associated with PCB exposure (data not shown).
After excluding women who had an extrinsic reason for supplementing breastfeeding, we again failed to find an association between duration of breast-feeding as a main source of nutrition and estimated serum PBB level (Table 5) . Similarly, PBB level did not influence total duration of breast-feeding among women who had an intrinsic reason for ceasing to breast-feed.
The results of the logistic regression model showing the association between estimated serum PBB level at the time of the index pregnancy and the decision to breastfeed are given in Table 6 . Although the stratified analysis had suggested that both maternal education and household income may modify the relation between estimated serum PBB level and the decision to breast-feed, interaction terms for serum PBB and maternal education and for serum PBB and household income were not significant. History of breast-feeding and maternal education > 12 years had a significant protective effect: that is, women in these groups were more likely to breast-feed their infants (results not shown). Neither serum PBB nor PCB levels Articles • Breast-feeding among PBB-exposed women Environmental Health Perspectives • VOLUME 109 | NUMBER 11 | November 2001 significantly influenced the decision to breast-feed. The Cox proportional hazard model for number of months that breast milk was the main source of nutrition (Table 6 ) did not reveal a relation between estimated serum PBB and duration of lactation, even after adjusting for other factors (previous history of breast-feeding, maternal age, maternal education, gestational age of the infant, PCB level, and history of alcohol consumption in the first trimester) that could potentially have confounded the relation between estimated serum PBB and the number of months breast milk was the main source of nutrition. Similarly, results of the Cox proportional hazards model for the total number of months of breast-feeding (Table 6 ) did not show an association with estimated serum PBB level.
Discussion
Our analysis had two major strengths. Participation was high (83%), minimizing the possibility of selection bias in recruiting women into the study. In terms of exposure to PBB, our study subjects were similar to women who did not participate: the mean initial serum PBB level of nonparticipants was 15.4 ppb (median = 2.0 ppb), compared with a mean initial level of 17.5 (median = 2.0 ppb) in the 446 women in our study cohort. We also had sufficient power to detect important differences in the decision not to breast-feed and in duration of lactation. Given that 31.2% of women in the reference group did not breast-feed (Table 3) , we had 80% power to detect a risk ratio of 1.8 when comparing women in the high exposure group with the reference group. Similarly, in comparing women who breastfed longer than the median total duration of breast-feeding with women who breast-fed for fewer months than the median, we had 80% power to detect a risk ratio of 1.6 when comparing women in the high exposure group with the reference group.
One of the weaknesses of our study was the retrospective study design, which carries a potential for recall bias. Because the mean interval between initial serum measurement and date of birth was more than 8 years, many of our study subjects were attempting to recall details of pregnancies that had occurred in the early 1980s, leading to potentially inaccurate estimates of duration of lactation because the interviews were conducted in 1997. Women were informed of their serum PBB levels, so our results could be biased if women with higher levels of PBB were more likely to remember difficulties with breastfeeding than women with lower levels of PBB. However, because we did not observe an association between PBB exposure and breast-feeding, this type of bias is unlikely. In addition, it is unlikely that women were aware of the hypothesis that PBB might be associated with difficulties in breast-feeding, reducing the probability of differential recall bias. An expert panel of physicians and toxicologists convened in 1976 concluded that the benefits of breast-feeding outweighed the risks from PBB, and an advisory letter was sent to physicians in Michigan stating that women should not be advised against breastfeeding (21). Additionally, we examined the responses of all the women who answered "other reason" in response to the questions of why they decided to supplement in addition to giving breast milk and why they decided to stop breast-feeding altogether. None of Abbreviations: CI, confidence interval; HR, hazard ratio. a Among women who breast-fed and could recall time at which supplementation started (n = 291). b Among women who breast-fed and had intrinsic reasons for beginning to supplement breast milk (n = 49). c Among women who breast-fed and could recall total duration of breast-feeding (n = 293). d Among women who breast-fed and had intrinsic reasons for ceasing to breast-feed (n = 56). Table 6 . Multivariate estimates of association between estimated serum PBB level at time of pregnancy and decision not to breast-feed, number of months of breast-feeding as main source of nutrition, and total duration of breast-feeding. CI, confidence interval. a Odds ratios from logistic regression model for decision not to breast-feed, adjusted for history of breast-feeding, maternal education, gestational age < 37 weeks, sex of infant, and serum PCB level. b Hazard ratios for the Cox proportional hazards model for reduced duration of breast-feeding as a main source of nutrition, adjusted for history of breast-feeding, maternal education, gestational age < 37 weeks, maternal age > 25 years, reported consumption of alcohol in first trimester, and serum PCB level. c Hazard ratios for the Cox proportional hazards model for reduced total duration of breast-feeding, adjusted for history of breast-feeding, maternal education, gestational age < 37 weeks, maternal age > 25 years, reported consumption of alcohol in first trimester, and serum PCB level.
them cited concerns about their PBB level or advice from a physician to stop breast-feeding as a reason for supplementing or stopping breast-feeding.
Another type of bias that may have been introduced into our study may be exposure misclassification due to the lack of actual serum measurements of PBB and PCB at the time of pregnancy. We relied on a decay model to estimate serum PBB levels rather than actual serum PBB levels at the time of delivery, and we based our analysis on initial serum PCB levels rather than on estimated PCB levels at the time of pregnancy because of difficulties in estimating serum PCB halflife (22) .
Another limitation of the study may have been lack of control of confounding for important determinants of breast-feeding. Although we collected information on several factors known to predict breast-feeding behavior (maternal age and education, income, previous history of breast-feeding, cigarette smoking, and alcohol use), breastfeeding is a complex process and is influenced by other factors such as the availability of support systems and attitudes toward breast-feeding that we did not inquire about in our questionnaire (23) (24) (25) .
We also may have misclassified study participants on the basis of maternal education and income, since we asked about these characteristics at the time of the interview, not at the time of delivery. However, although these factors may be important determinants of breast-feeding, none of them was associated with exposure in our study and thus would not be an important source of confounding.
The studies that documented an association between DDE and shortened duration of lactation (4, 5) excluded women who terminated breast-feeding for extrinsic reasons that intruded on the breast-feeding process (i.e., illness of the mother, separation of mother and child) to focus on women with solely physiologic reasons for terminating breast-feeding. We attempted to duplicate this approach by analyzing the relation between serum PBB and duration of lactation, excluding women with extrinsic reasons for supplementing breast-feeding and women with extrinsic reasons for completely stopping breast-feeding. We failed to find an association between serum PBB and shortened duration of lactation even in this group of women with presumably physiologic reasons for ceasing to breast-feed, although the number of women in the highest exposure group in this analysis was small (n = 3).
In summary, despite having an adequate sample size and minimal potential for selection or recall bias, this analysis did not demonstrate a link between serum PBB level and the decision to breast-feed or to two measures of duration of lactation. Future studies of the role of potential endocrine disruptors in lactation should control for factors related to psychosocial and cultural determinants of breast-feeding, and data should be collected either prospectively or as close to the pregnancy as possible.
